Introduction
The 2008 price crisis in the world markets for fuel, chemical fertilizer and agricultural commodities came as a shock to both producers and consumers. For farmers in Thailand and in Vietnam, this situation generated opportunities and risks. For agricultural households with a food surplus, higher commodity prices will lead to higher incomes provided price expectations hold and the price ratio of factor to commodity price remains favourable. For food deficit households, however, rising prices reduce their real income and tend to increase the risk of falling into poverty.
To analyse the effect of external price shocks on the response behaviour of farm households is challenging, because the uniqueness of such events limits the use of positive models to assess the reaction of households. Recent papers (for example Valero-Gil, 2008; World Bank, 2008; Tung and Waibel, 2010) used decomposition analysis to evaluate the effect of price shocks on poverty. While such studies are especially important for food insecure countries, there is much to learn from emerging market economies where the spatial pattern of poverty is heterogeneous. This is also true for Thailand and Vietnam, where large areas with rapid economic development coexist with regions where "pockets of poverty" remain. For Thailand this applies to households in the Northeastern region, while for Vietnam it is especially in the highland or mountainous areas where poverty has remained high or frequently reemerges as a result of shocks. The food price crisis of 2008 is a good example of such a shock that allows assessment of the impacts of this event to be made at household level. To capture the heterogeneity of the rural areas in the two countries, a methodology is needed that can provide insights into the ability of different types of rural households to react to such changes. While for aggregate analysis, positive (econometric) methods are preferable as they reflect actual behaviour of individuals, these are arguably less suitable to the obtaining of an in-depth understanding of adjustment processes at the micro level; mathematical programming (MP) can, however be a useful complementary methodological analytical tool that can facilitate the analysis of typical rural households as a case study. An advantage of such models is that they are robust and less demanding concerning the availability of aggregate data than are econometric models (Berger, 2001) .
Interactions between resource endowments and constraints and activities concerning production, on-farm and off-farm labour allocation and consumption of home-produced as well as purchased goods can be made explicit, and risk can be taken into account (Taylor and Adelman, 2003) . This case study model approach allows vulnerability to poverty of smaller geographical units to be assessed, and can therefore be a useful tool to design better targeting of poverty reduction and social protection policies.
In this chapter, the impact of the 2008 price shock on vulnerability to poverty, taking into account other multiple risks, is measured for agricultural households in Thailand and Vietnam. The objectives of the study are: (i) to develop and test additional methodologies to measure vulnerability to poverty of specific household types, (ii) to analyse the impact of the price shocks in 2007/2008 on agricultural households, taking into account other multiple risks, (iii) to compare the ability of rural households to respond to agricultural price shocks.
The data for these two case studies are derived from large-scale panel surveys in six provinces in Thailand and Vietnam collected within the scope of the DFG project (see Chapter 2) . Data were collected in 2007, thus prior to the price hike, and in 2008, which refers to the peak of the price increase in major commodities such as rice (see Appendix 7.A.1).
Methodology and data
MP models allow rural households to be described as a vector of decision variables which reflect a set of income-generating activities of a typical rural household such that an objective function is maximized subject to specified resource and behavioural constraints. The flexibility of constructing typical households provides a direct way to calculate individual vulnerability measures for subsets of household types.
In this way, conclusions can be drawn for poverty reduction policies of smaller administrative units which would be more difficult to perform with econometric methods due to the problem of small sample size. As pointed out by Brooks et al. (2008) , farm household modelling is a suitable approach to assess micro-level impacts of exogenous conditions on household behaviour recognizing their dual role as producer and consumer of food. On the other hand, there are some limitations of an MP model applied to poverty analysis. First, such models have the tendency to generate optimal portfolios with over-specialization, since not all real world constraints can be captured. Secondly, transaction and information costs, as well as the spatial dimension, are ignored. Such weaknesses can be overcome by developing a multi-agent model using a cellular automata (CA) framework. In agriculture the use of such models was pioneered by Balmann (1997) . While multi-agent models are a useful advancement of sector level MP, especially for predicting diffusion of innovations or assessing the consequences of changes in natural resource use, for example, they are less appropriate for assessing the impact of exogenous price changes on poverty for specific types of households. Hence, MP models representing certain household types can be a practical alternative to more complex econometric household models that require rigid assumptions on own-and cross-price elasticities.
To apply such MP for poverty analysis of rural households in developing countries requires adequate reflection of the utility functions of the poor. Risk-averse behaviour is an important component of the household's decision-making process, adequately reflecting the conditions of people vulnerable to poverty. Various techniques for incorporating risk into mathematical models are available, such as quadratic programming (Markowitz, 1952; Freund, 1956 ), Hazell's (1971) minimization of total absolute deviation (MOTAD), and discrete stochastic and chance-constrained programming (Hazell and Norton, 1986) . In this study, the "Target MOTAD" approach is used (Tauer, 1983) , whereby the deviation from a defined minimum level of income (for example the poverty line) is minimized subject to the household's degree of risk aversion (McCarl and Spreen, 1996) . The Target MOTAD model can be specified as follows:
Such that:
where c j is the expected mean gross margin per unit of the j th household activity across all states of shock occurrence, X j is the level of the j th household activity, Y 0 is the target income to be achieved (for example the minimum required income for the farm household to survive), c jt is the expected gross margin per unit of the j th activity in the t th state of shock occurrence, Z t is the negative income deviation from the expected mean gross margin in the t th state of shock occurrence, p t is the probability of occurrence of state of shock occurrence t, λ is the maximum average shortfall of income which still enables a satisfactory level of compliance with the target income, a ij is the technical coefficient of the j th resource required to achieve X j , and b i is the resource constraint level of i th resource. By parameterizing λ, a set of efficient farm plans with the maximum possible value of household income for any specified level of allowable shortfall from the target income is obtained. Households with the highest risk aversion may choose the farm plan related to the smallest possible level of compliance with the target income. Less risk-averse farm households might prefer farm plans promising higher levels of expected income but also higher levels of compliance with the target income, providing that the absolute level of compliance with the target income remains sufficiently small. The model developed in this study represents a one-year time period and includes the main income-generating activities of two households defined as typical for location-specific conditions in Thailand and Vietnam. The models were developed for two sets of agricultural prices, namely with and without the 2008 price shock. Other risks were incorporated in the model as a probability for each state of shock occurrence, assuming zero correlation among the individual shock events.
Model output yields the optimal activity portfolios of the two agricultural households, corresponding expected means and variances of total household income, for the situation with and without food price crisis reflecting the conditions in the years 2007 and 2008. Results can be presented as a cumulative distribution function (CDF) of total household income, formally written as:
where i is a random variable of the discrete type, representing total household income, with probability density function:
The value of the CDF at each level x of total household income i indicates the probability that total household income is smaller than or equal to x. If x = PL and PL is specified as the poverty line, then the value of the CDF at PL gives the probability of the household to be poor. Following the concept of vulnerability as expected poverty (Chaudhuri et al., 2002; Christiansen and Subbarao, 2001) and assuming that i is constructed based on another standard normal random variable, the expected mean of total household income, and the expected variance of total household income, this gives the vulnerability V t of the household at time t, which can be formally specified as:
where i t+1 is the household's level of income at time t + 1, and PL is the income poverty line. The impact of price changes between 2007 and 2008 on household vulnerability to poverty can be seen by plotting the CDF of each year. The data to establish the two typical households are derived from the provincial databases of 2007 of the DFG project, namely Ubon Ratchathani in Northeastern Thailand (Tongruksawattana et al., 2008) and Thua Thien Hue in Vietnam (Völker et al., 2008) . For the latter case the sample was restricted to households located in the mountainous areas. In addition to the initial household survey in 2007 (see Chapter 3) an agricultural survey of a smaller sample was carried out in May 2008 and January 2009 in order to obtain more detailed information on agricultural technologies, specific resources, and behavioural constraints. Following the concept of typical farm models (Hemme, 2000; Mausch et al., 2009 ), a four-step procedure was applied (see Figure 7.1) . Hereby the provincial sample (Ubon) or sub sample (Hue) haswas used to identify a set of key indicators suitable to establish a typology of the rural households. In the first step, an income threshold of twice the rural poverty line was set to identify poor and vulnerable households. Second, selected households were defined as farm households engaged in own agricultural production. Third, only households that had experienced at least one medium severe shock during the past five years were included. Fourth, the selected typical households reflect the most 
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Agriculture and forest extraction PCI < PL frequent composition of the respective household income portfolio. In Thailand, agricultural occupation was used as a proxy for income. In Vietnam, land allocation to cropping and remittances was used to define agricultural households. The sub-sample for choosing households suitable to deliver information on typical households was 329 in Ubon and 136 in Thua Thien Hue. From this selection, 64 households in Thailand and 60 in Vietnam were randomly selected for in-depth data collection. From these subsamples, eight households in Thailand and 21 households in Vietnam were defined as reasonably homogenous groups to formulate one typical household per country. Table 7 .1 presents the basic parameters (for example per capita income, household size and so on) of the two typical households defined for the model. The figures are median values drawn from the underlying samples. For minimum annual household target income in Vietnam, labour capacity and rice consumption imputed values are used, while shock experience is defined as the average frequencies of each shock type observed in the respective country samples. It becomes clear from Table 7 .1 that the households differ between the two countries. The typical agricultural household in Thailand has about half of its income-generating members working outside agriculture, while in Vietnam almost all income-generating household members are engaged in agriculture. Household income is higher in Thailand, and so is the regional poverty line. The latter value is used as minimum annual target income in the model households; that is PPP US$4411.65 in Thailand (National Statistical Office/National Economic and Social Development Board 2007) and PPP US$1750 in Vietnam (General Statistics Office Vietnam 1998 & 2008 ). Land endowment per household is much larger in Vietnam 3 but agricultural land overall is of similar size in the two countries. Both households typically suffer several shocks. The average number of all shocks is higher in Thailand, and although idiosyncratic shocks are more prominent in that country, climate-related shocks are relatively more important in Vietnam.
Model assumptions
Labour capacity in total person days per year was calculated in view of weather restrictions, social obligation, illness, housework activities, schooltime and leisure requirement considering differences among household members, 4, 5 also differentiating between more demanding (for example ploughing) and less demanding (for example weeding) labour, and allowing for substitution of the different types of labour.
In the Thai model, the vast majority of the land is allocated for rice and cassava. An annual household requirement for glutinous rice was defined in order to account for local consumption preferences (Isvilanonda and Kongrith, 2008) , and a corresponding minimum requirement for consumption goods other than rice was defined.
In the Vietnam model arable agricultural land endowment is smaller, as the household represents a remote mountainous area with degraded forestland, shrubs and bare hills. Annual rice consumption requirements were based on FAOSTAT 6 in the absence of regional-specific information. Consumption of purchased goods (see Table 7 .1) was derived as median value from the sample of the same shocks experienced; these were mainly weather and human health shocks. Death of household member number 0.2 a Annual target household income is set equal to regional poverty line. N = 8 (Thailand); N = 22 (Vietnam) .
Source: DFGFR756 base survey and in-depth survey Ubon Ratchathani and Thua Thien Hue provinces.
In Table 7 .2 the major crop portfolios and production technologies of the two households are presented that form the technical coefficients in the models. In Thailand, yield levels for jasmine and glutinous rice are slightly lower than the provincial average of 1971.25 kg/ha (OAE, 2010) . The vegetable yield, which primarily represents backyard production for home consumption, is an aggregation of several vegetable types and harvesting cycles over a one-year period. The cassava produced, on the other hand, is for sale to industrial processing. The model allows complete substitution between jasmine and glutinous rice, but is limited to rice cassava substitution because of land quality differences. The household also produces livestock farming, including buffalo, cattle, and chickens. Animal manure from cattle and buffalo husbandry is available as organic fertilizer and can be a substitute for chemical fertilizers. 7 In addition, households apply other organic fertilizers, including chicken manure and compost purchased at the market. Input intensity is generally low, but external inputs (chemical fertilizers) are used. Production processes are partly mechanized (for example ploughing) but weeding and harvesting is dependent on labour with vegetable as the most labour intensive crop.
In Vietnam, the crop portfolio includes spring rice, autumn rice, cassava, corn, and banana. Yield levels are lower compared to average Vietnamese yield levels (FAOSTAT, 2010) but are slightly higher than in the Thai model. Generally production conditions are unfavourable in the mountainous upland of Vietnam North Central Coast Region (World Bank, 2005) . Production of upland rice is for home consumption. The sale of surplus production is practically non-existent due to limited market capacity for upland rice in the mountains and differences in consumption preferences of urban consumers in the lowlands. Often rice households in mountainous areas must supplement own rice production with the purchase of lowland rice to satisfy consumption needs (Pandey et al., 2006) . Mechanization is basically non-existent in mountainous areas, thus no fuel is required in crop production (see Table 7 .2). However, labour-intensity is high. Chemical fertilizer and pesticides are used for spring rice and corn production.
No manure is applied, as livestock production is practised at low levels of intensity and in open pastures. been used in order to overcome a potential bias that could be generated if using only the relatively small number of households which form the model households. It is assumed that market integration is similar across all households in the study area. Over a one-year period, the wholesale market price of jasmine rice in Thailand increased by 38 per cent, which is transferred to a 30 per cent increase in the farm gate price. While cassava experienced a decrease in the farm gate price of almost 15 per cent, the wholesale price had increased by 20 per cent. At the same time, prices of fuel, chemical and organic fertilizer increased by 43 per cent, 31 per cent and 13 per cent respectively. The net effect of the price therefore depends on the relative prices perceived by decision makers at the time when input decisions are made. In Vietnam, results show that the retail price of rice increased sharply, indicating that the transmission of the price hike of the rice world market was effective there. For the model, the retail price of rice was relevant as no market for selling upland rice exists and households are net-buyers of rice. For cassava, corn, and banana where markets exist, as shown in Figure 7 .2, the respective increase in farm gate prices was comparatively small, ranging from almost zero per cent (cassava) to up to ten per cent (corn). On the input side, chemical fertilizer prices increased about 50 per cent, suggesting a possible negative effect on household welfare. Table 7 .3 summarizes the activity gross margins under different states of weather-related shocks for the 2007 and the 2008 prices. Gross margin is defined here as cash income from market sales and the imputed value of self-consumption based on farm gate prices. Results show that weather-related shocks can lead to negative gross margins, and the changes in relative prices from 2007 to 2008 generally augment such losses. In Vietnam, corn shows a negative gross margin even in the zero shock state, which suggests that objectives other than profit maximization, such as consumption preferences, are relevant.
In Figure 7 .3, the individual risk coefficients of the households that underpin the representative households on which the models are based upon are presented. Results underline the assumption of risk-averse behaviour as captured in the Target MOTAD model. The data in Figure  7 .3 is derived from the respondents' self-assessment of their attitude towards risk, using a scale from zero (unwilling to take risk) to ten (fully prepared to take risk). Results show that households in Thailand and Vietnam represented in the two models generally are averse to risk, but the degree of risk aversion varies, with extreme risk aversion rather being the exception. 
Results
Using the assumptions described in the previous sections first, a base solution for the two MOTAD models representing a specific type of agricultural household in Thailand and Vietnam was established for the situation of the 2007 prices.
In the Thailand case, varying the degree of risk aversion does not affect household resource allocation. Based on 2007 prices, under a high level of risk aversion (λ = 0), the optimal production portfolio is similar as under lower levels of risk aversion (λ = 250, 300, 450 and 600). Results are different, however, for the Vietnam model. Assuming high levels of risk aversion, that is not allowing any shortfall from the required consumption levels (λ = 0), leads to an infeasible model solution. This result indicates that our "typical Vietnamese rural farm household" must accept income falling below a defined minimum level or must generate additional income from other sources. Under the conditions postulated for the Vietnam case, this can only come from natural resources, which invariably means logging activities, some of which are illegal. In Table 7 .4, time allocation for forest extraction is always at maximum capacity level. 8 This confirms the finding of a study that analysed households' response to health and weather-related shocks (Völker and Waibel, 2010) . However, for households who are willing to accept a higher level of shortfall, that is lowering the degree of risk aversion, feasible model solutions exist which suggest that illegal logging activities may not be a general mode of behaviour.
In Table 7 .4, the impact of the 2008 price shocks on the optimal crop portfolio of the typical households in Thailand and Vietnam is presented. Model output provides the expected household income, the standard deviation of income and the allocation of the household's resources over the different income-generating activities for different degrees of risk.
In the Thailand case, the price change from 2007 to 2008 lowered the expected income and prompted households to adjust by diversifying out of farming and reducing the area allocated to cassava and jasmine rice, the two commercial crops. Glutinous rice as a subsistence crop remained. This effect was particularly strong at high degrees of risk aversion (see Table 7 .4). Results suggest that an agricultural household in Thailand as portrayed by our model did not benefit from the 2008 price hike. Reasons for this could be several. First, the immediate increase in input prices led to cash constraints for the purchase of inputs; this is concurrent with anecdotal evidence from the study area. Source: Authors' calculation.
Such effects did not occur, however, for the larger commercial farmers in Central Thailand, where a positive supply response was observed. Second, since the price increase occurred suddenly, farmers did not trust in the persistence of these prices for future harvest times. Third, the changes in the agricultural input output price relationships from 2007 to 2008 decreased the marginal returns to labour in agriculture relative to non-farm wages. Fourth, the general uncertainty, inflicted especially by input price shocks such as fuel and fertilizer, augmented the tendency to opt for further off-farm opportunities. This seems plausible for the typical part-time agricultural households, which are now quite common for the lower-potential agricultural areas in Thailand. In Vietnam, results show that a large substitution effect used to take place, and it still does. The Vietnamese households specified in the model tend to substitute spring and autumn rice by banana to a significant degree. This is well in line with the price changes observed from Figure 7 .
2. An agricultural household producing under remote upland conditions does not benefit from higher producer prices of rice, due to a lack of marketing opportunities and especially higher input prices of chemical fertilizer. In the period of the study, the latter limited the increase in net revenue of rice production, thus both the marginal costs of rice production and the purchase costs of rice increased. The only crop in the portfolio that was, and still is, unaffected by higher input prices and that experienced slightly higher output prices is banana. Hence, the economically optimal adjustment, taking risk into account, is the expansion of banana production. However, since banana is a perennial crop, in this regard the model results need to be interpreted as a medium-term response to price increase. Taking into account the degree of risk aversion shows that the price increase induces stronger pressure on natural resources. This is shown by the infeasibility of the solution even if the extreme risk aversion coefficient is relaxed (λ = 100). Figure 7 .4 shows the effect of the price shock on vulnerability to poverty. The cumulative distribution functions of household income across different states of weather shock occurrence show the probability of falling below the defined level of minimum income (rural/provincial poverty line).
In both countries, our typical households were already vulnerable prior to the 2008 price shock. Furthermore, for some shock scenarios a considerable poverty gap existed, and continues to do so. The 2008 price shock has a different impact on household income in the two countries.
In Thailand, the increase in agricultural prices has lowered income variance (see Table 7 .4), leading to a reduction in the probability of falling below the minimum income from 57 per cent to 33 per cent. However, the food price crisis has definitely made our typical farm household in Vietnam more vulnerable to poverty, mainly due to the remoteness which brings about a lack of market access. Households located in the mountainous areas are net-buyers of lowland rice and, due to poor land quality, are constrained in their ability to expand upland rice production. While the vulnerability level was at 29 per cent in the before-crisis price situation, the hike in food prices made such households 100 per cent vulnerable to poverty. 
Summary and conclusions
In this chapter, the impact of the 2008 food price shocks on the vulnerability to poverty of poor rural households in Thailand and Vietnam is assessed using an MP approach. The objectives were threefold, namely: first to develop and test additional methodologies to measure vulnerability to poverty; second to assess vulnerability to poverty for a particular group of farm households in Thailand and Vietnam; and third to analyse the impact of the 2008 food price shocks by means of an MP model. A Target MOTAD model was developed for a specified household type in both countries to assess the response to the 2008 price increases considering other endogenous risks. The models also provide information on the agricultural production pattern and the implications of household resource constraints. Households portrayed in the models were defined as being typical of the poorer segment of rural households living in remote areas of the study provinces. The data established in the model assumptions were collected through complementary in-depth surveys in the province of Ubon Ratchathani (Thailand) and Thua Thien Hue (Vietnam) , derived from the general data base of the DFG project (see chapter 3). The selected households were based on criteria such as: (i) household income below the poverty line, (ii) households engaged in own agricultural production, (iii) households with shock experience, and (iv) typical of the respective province with regard to income-generating activities (which refers to integrated crop-livestock farms with off-farm and/or non-farm employment for Thailand, and purely agricultural households for Vietnam).
As regards the first objective, it can be stated that MP models can be a useful tool for simultaneously considering different shocks such as economic and weather-related shocks in a theoretically consistent, albeit normative, framework. Although one might question the behavioural assumptions entered in the model, for instance regarding minimum consumption requirements, the Target MOTAD approach allows a plausible representation of the households' risk aversion. Furthermore the flexibility of constructing typical households based on the in-depth database which has been established in the project provides a direct way of calculating individual vulnerability measures for subsets of household types. In this way, conclusions can be drawn for poverty reduction policies of smaller administrative units, which would be more difficult to perform with positive econometric methods due to the problem of small sample size.
For the second objective, model results show that the typical farm households are vulnerable to poverty, with a 57 per cent and 29 per cent probability of being poor in a normal year before the price shock in Thailand and Vietnam respectively. In comparison to the cross-section based method of vulnerability computations (Chaudhuri et al., 2002) the calculated vulnerability measure can be considered to be more situation-specific. The baseline solution of the model can be used as a benchmark for impact assessment of different types of policy interventions and external shocks such as the food price hikes analysed here.
The third objective was to assess the impacts of the 2008 food and input price shock in both countries. In Thailand, results from a 2007/2008 scenario comparison show that farm households tended to respond to the price shocks by reducing on-farm activity while shifting more labour towards off-farm employment. Economically optimal adaptation led to a reduction in the cropping area for cassava and jasmine rice, the two commercial crops, while glutinous rice c ultivation remained unchanged for subsistence consumption. This is possibly due to cash constraints for input purchase at the beginning of the planting period and the risk of falling prices at the time of harvest. Optimal adjustment led to a reduction in the variance of household income, reducing vulnerability to poverty from 57 per cent to 33 per cent.
In Vietnam, results are consistent with the findings of other research (for example Tung and Waibel, 2010) which found that although the food price hike of 2008 has reduced the overall national poverty level it has made the very poor people, such as remote agricultural households, poorer. The research shows that rural households of that type have also become much more vulnerable. Agricultural households in the mountain areas of Vietnam are among the losers from higher food prices. From a methodological point of view, the result of this modelling exercise supports the findings of other household studies in developing countries (for example Kuroda and Yotopoulos, 1978; Singh et al. 1986; Dyer et al., 2006) that household consumption requirements can reverse a positive price effect due to market imperfections.
In conclusion, this chapter on the impact of the 2008 food price crisis using a case study approach provides a good starting point for further analysis on the differentiation of rural households (for example, commercially oriented farms or different locations with different natural environments). The methodology can also be used to test the impact of policy interventions and the introduction of new technologies on vulnerability to poverty.
It is important to note that the response to price shocks is primarily constrained by the availability of land, labour and capital in order to expand the production of cash crop. This finding is in line with the economic theory that the supply price elasticity is lower in the short run than in the long run due to rigidity of input availability, as outputs are influenced not only by prices but also by production factors, especially capital, labour and land, which are fixed in the short term (for example Binswanger, 1989) . Furthermore, recognition of the household's objective of ensuring food security over cash-income maximization, substitution between cash crops and non-cash crops needs a substantial price incentive in addition to an alternative secure food source.
Concerning policy implications, this chapter discloses several possible constraints faced by rural farm households in their agricultural production in the short run. In Thailand, these constraints include limited land and labour endowment as well as high dependency on mechanization and purchased inputs. As a response to agricultural production contraction, options to generate income such as engagement in off-farm wage labour and nonfarm self-employment provide an effective transitory strategy to cope with shocks. In Vietnam, households are constrained to limited endowment with agricultural land and have limited access to inputs. They also lack good alternatives to illegal forest extraction in order to generate income such as other crop or livestock products or engagement in off-farm wage labour and non-farm self-employment. Further investigation is needed to better understand underlying causes of such entry barriers to a more effective risk management strategy. 
